Background and Purpose-The prognostic influences of fibrinogen and C-reactive protein (CRP) levels and their relations in ischemic stroke have not been well described. The aim of this study was to investigate and compare the 1-year prognostic influences of fibrinogen and CRP levels on outcome in ischemic stroke. Methods-Fibrinogen and CRP were determined within 24 hours after stroke and related to 1-year outcome in 128 patients with first-ever ischemic stroke. The Kaplan-Meier technique was applied in survival analysis. Multiple logistic regression analysis was used to evaluate the associations between risk factors and outcome. Results-The probabilities of death or new vascular event were 21.1%, 27.9%, and 51.7% (Pϭ0.0172, 2 for trend), respectively, in patients stratified by tertiles of fibrinogen (Ͻ3.78, 3.78 to 6.17, and Ͼ6.17 g/L). The probabilities of a primary end point were 12.1%, 29.7%, and 54.8% (Pϭ0.0004), respectively, after stratification of patient data by tertiles of CRP level (Ͻ5, 5 to 33, and Ͼ33 mg/L). In multiple logistic regression analysis, higher CRP levels (odds ratio, 2.39; 95% CI, 1.28 to 4.49; Pϭ0.0066) and stroke severity on the Canadian Neurological Stroke Scale (odds ratio, 2.37; 95% CI, 1.01 to 5.58; Pϭ0.0472) were independently associated with death or new vascular event.
T
here is an association between increased fibrinogen levels and early signs of atherosclerosis in asymptomatic individuals. 1, 2 Elevated fibrinogen levels might therefore be an indicator of, and contribute to, the formation and progression of atherosclerotic plaques. Increased fibrinogen levels have also been identified as an important risk factor for future cardiovascular events in several prospective long-term studies of apparently healthy individuals [3] [4] [5] [6] [7] and patients with stable coronary artery disease. 8 -10 Fibrinogen also acts as an acute-phase protein and increases after stroke, 11 and elevated fibrinogen levels are associated with an increased risk of further cardiovascular events in stroke survivors. 11, 12 An increased fibrinogen level is associated with mortality after myocardial infarction 13 (MI) and in patients with claudication. 14 There are other signs of inflammation in ischemic stroke, such as increased levels of inflammatory cytokines 15 and C-reactive protein (CRP). 16 -19 In a recent study increased CRP levels were associated with a more severe short-term prognosis in patients with ischemic stroke. 20 Furthermore, a strong correlation between fibrinogen and CRP levels was found in a large prospective study of patients with angina pectoris. 21 The aim of this study was to investigate and compare the 1-year prognostic influences of fibrinogen and CRP levels on outcome in a well-defined population of patients with firstever ischemic stroke.
Subjects and Methods
We studied all patients who were admitted to the Villa Pini d'Abruzzo Care Center (Chieti, Italy) with a diagnosis of ischemic stroke and included in the Villa Pini Stroke Data Bank between March 1 and December 31, 1998. The Villa Pini d'Abruzzo Care Center is an acute, rehabilitation, and long-term care center. This center has no specific selection criteria for the admission of stroke patients. The Villa Pini Data Bank is an ongoing hospital-based stroke data bank started on March 1, 1998 , in the Department of Neurology and Neurorehabilitation to continue for at least 5 years. Informed consent was obtained from all patients included or their legal representative. The study was approved by our institutional committee.
Cerebral infarction was defined as a focal neurological deficit of sudden onset that persisted beyond 24 hours in surviving patients, documented by brain CT or by MRI indicating the presence of infarction or the absence of hemorrhage. 22 
Study Protocol, Data Collection, and Follow-Up
All patients were screened according to a strict protocol consisting of complete medical history, full neurological examination, standardized blood tests, at least 1 and usually 2 CT scans of the brain or MRI, duplex scanning of the carotid arteries, and a cardiac analysis that included standard 12-lead ECG and transthoracic echocardiography and, if indicated, 24-hour ECG monitoring and transesopha-geal echocardiography. The nature and time course of symptoms were recorded by means of a detailed checklist. Initial stroke severity and disability were assessed by the Canadian Neurological Stroke Scale (CNSS) and Barthel Index, respectively. 23, 24 Finally, patients were classified into 4 subgroups of different presumed etiology: atherothrombotic, cardioembolic, small-vessel occlusive (lacunar), or undetermined cause, as previously described, on the basis of standard criteria. 22, [25] [26] [27] Cerebrovascular risk factors, such as never, current, or previous cigarette smoking, alcohol abuse (Ͼ100 g/d), hypercholesterolemia (history of hypercholesterolemia and/or fasting total cholesterol level Ͼ200 mg/dL), hypertriglyceridemia (history of hypertriglyceridemia and/or fasting triglycerides level Ͼ180 mg/dL), arterial hypertension (history of hypertension and/or systolic blood pressure Ͼ150 mm Hg and/or diastolic pressure Ͼ90 mm Hg, out of the acute phase, treated or not), diabetes mellitus (diagnosis according to the criteria of the National Diabetes Data Group 28 ) were screened, together with associated medical diseases. A special effort was made to assess the presence of cardiovascular comorbidity such as arrhythmias and impulse conduction disorders (as present when documented in a standard 12-lead ECG), valvulopathies (diagnosed by echocardiography), left ventricular hypertrophy (as present when documented in a standard 12-lead ECG), coronary heart disease (angina pectoris or previous Q-wave and non-Q-wave MI diagnosed by history and chart review), and peripheral arterial disease (in presence of a history of intermittent claudication or previous arterial intervention or Doppler ultrasonography documentation). For statistical analysis, carotid ultrasound measurements were grouped into 2 categories: stenosis 0% to 50% and 51% to occlusion. Routine laboratory investigations included a complete blood count, erythrocyte sedimentation rate, blood urea, creatinine, total cholesterol and HDL subfraction, triglycerides, glucose, electrolytes, liver enzymes, serological tests for syphilis, ferritin, transferrin, and plasma fibrinogen. For the specific purpose of the study, the following acute-phase inflammation markers were included in the screening procedures of stroke patients: CRP, serum C3c (C3) and C4 (C4) complement fractions, and serum ␣1-glycoprotein.
To avoid confounding factors, we excluded patients with history of recent clinical infection; concurrent major renal, hepatic, and cancerous disease; surgery or major trauma in the previous month; and obvious signs and clinical evidence of in-hospital-acquired infection. Previous infections were monitored with an exhaustive medical history focusing on signs and symptoms of potentially clinical infection during the last 4 weeks before stroke, together with the review of patient's hospital access schedule. All fasting blood samples were processed by the Villa Pini clinical laboratory according to the manufacturer's instructions (Behering Institute). Elevated results were verified by repeated analysis. Blood samples were taken at admission, within 24 hours after qualifying stroke. All patients were followed up regularly as outpatients for 1 year. During the follow-up period, every effort was made to continuously monitor new vascular events. Follow-up was obtained through periodic follow-up visits, direct contact with the patient or the patient's family or physician, and chart review, if necessary. We were able to obtain current information on all included patients.
The primary end point was the combination of death of any cause (vascular and nonvascular death) and any new nonfatal vascular event (transient ischemic attack, recurrent stroke, unstable angina, or acute MI, whichever came first) during the 1-year follow-up. Transient ischemic attack was defined as an episode of focal cerebral dysfunction, presumably ischemic in origin, lasting Ͻ24 hours and followed by a return to normality. Recurrent stroke was defined as any new cerebrovascular event after the initial one, with an increased handicap at the time of the event, persisting Ͼ24 hours. Unstable angina was defined as the appearance of ischemic chest pain at rest documented with typical ischemic changes on ECG, requiring admission to the hospital. Acute MI was diagnosed in the presence of chest pain lasting Ͼ20 minutes, characteristic ECG alterations, and plasma creatine kinase-MB elevation greater than twice the normal or previous elevated value. Vascular death included sudden death or death from MI, congestive heart failure, systemic embolism, and other cardiovascular causes (including pulmonary embolism and peripheral arterial disease) or as a consequence of the qualifying stroke or of a new fatal stroke in the absence of other intervening causes. Nonvascular death included cancer, pneumonia, sepsis, and other less frequent causes of death not included in the vascular death.
Statistical Analysis
The Kaplan-Meier technique (log-rank test) was applied in survival analysis. The distribution of CRP was positively skewed, and therefore the data were log transformed to evaluate the associations among CRP and fibrinogen and CNSS score, with the use of Pearson's correlation coefficients. Univariate and forward stepwise multiple logistic regression analyses were used to evaluate the independent contribution of the risk factors to the risk of a primary end point. Added to this model were age (cutoff point 70 years), CNSS score, diabetes mellitus, hypercholesterolemia (Ͼ200 mg/dL), history of smoking, coronary heart disease, atrial fibrillation, arterial hypertension, tertiles of fibrinogen, tertiles of CRP, and aspirin use (yes/no). CNSS score was dichotomized above and below median value to provide approximately equal numbers of subjects in each group. Differences in proportions were evaluated by 2 analysis, unpaired t test for continuous normally distributed variables, and Mann-Whitney U test for nonnormally distributed variables. Continuous variables are described as mean or median values with 25th and 75th percentiles, according to manner of distribution. Values of PϽ0.05 were considered statistically significant.
Results
Between March 1 and December 31, 1998, 185 patients with clinical signs attributable to ischemic stroke were identified. After comprehensive evaluation, 128 were included in the present study. Fifty-seven patients (30.8%) were excluded because they did not fulfill the inclusion criteria for the present study: hemorrhagic stroke (nϭ10); subarachnoid hemorrhage (nϭ2); recurrent stroke (nϭ5); vasculitis (nϭ1); concurrent major renal (nϭ1), hepatic (nϭ2), or cancerous diseases (nϭ3); surgery (nϭ1); or major trauma in the previous month (nϭ1). History of recent clinical infection and obvious signs and clinical evidence of in-hospitalacquired infection after index stroke were registered in 17% of patients (nϭ31). Sixty-four percent (nϭ20) of patients with recent clinical infection had a relevant comorbidity that was also able to increase acute reactants.
Among 128 patients, there were 53 men and 75 women (male/female ratio, 0.7). The meanϮSD age was 73.1Ϯ9.2 years. CT was performed in 113 patients (88.3%) and MRI or both in all remaining patients. Baseline characteristics are presented in Table 1 . Fifty-one patients had cardioembolic stroke, 46 had atherothrombotic stroke, 22 had small-vessel occlusive stroke, and in 9 patients the diagnosis was other/ uncertain. The CRP values (median and 25% to 75% interquartile ranges) within 24 hours were 13 mg/L (5 to 33 mg/L; normal range, 0 to 5 mg/L); 33 patients (25.8%) had normal CRP level on admission. The mean fibrinogen level was 4.76 g/L (3.78 to 6.17 g/L; normal range, 2 to 4 g/L). No significant differences were found between stroke types and levels of CRP and fibrinogen at admission. However, patients with acute thrombosis of precerebral arteries (nϭ12) had the highest levels of CRP (30 mg/L; 8 to 50 mg/L) in our stroke patients.
During the follow-up period all patients received a secondary preventive treatment with aspirin (50%), ticlopidine (22%), or warfarin (28%), with strict control of recognized vascular risk factors. Forty patients (31.3%) had a primary end point within 1 year of stroke onset; 18 were men, and 22 were women; 32 (80%) were older than 70 years. Twenty patients died: 16 (80%) died because of vascular death (qualifying stroke or a new fatal stroke in 6, cardiovascular causes in 10) and 4 because of nonvascular death (in 1, gastric cancer 9 months later; in 2, pneumonia 3 and 7 months later; and in 1, hemorrhagic shock 4 months later). Twenty patients experienced a new vascular event: transient ischemic attack in 1, MI in 3, recurrent stroke in 7, and occurrence of unstable angina requiring new admission to hospital in 9.
The mean fibrinogen level was significantly higher in patients who had a primary end point during the follow-up period: 5.39 (4.61 to 6.18) g/L versus 4.46 (4.02 to 4.90) g/L (Pϭ0.0259; t test). The patients were stratified into tertiles based on fibrinogen levels with cutoff limits of Ͻ3.78, 3.78 to 6.17, and Ͼ6.17 g/L. In survival analysis, an increased probability of death or new vascular event (21.1%, 27.9%, and 51.7%; Pϭ0.0182, log-rank test; Pϭ0.0172, 2 for trend) was found in the upper tertiles (Figure 1 ).
A significantly higher median level of CRP was found in patients who had a primary end point during the follow-up period (22. (Figure 2 ). There was a clearly increased risk only for patients above a threshold of CRP and fibrinogen: for neither factor is there any evidence of moderate elevation (middle tertile) conferring greater risk. Fibrinogen concentrations were correlated with baseline levels of CRP (rϭ0.45; PϽ0.0001) and with stroke severity, assessed with the CNSS (rϭϪ0.33; PϽ0.0001). Levels of CRP also correlated with CNSS score (rϭϪ0.35; PϽ0.0001).
We also assessed the relative risk of a primary end point and the distribution of patients into tertiles according to levels of fibrinogen and CRP. The relative risk of death or subsequent vascular events was 4.18 (95% CI, 1.46 to 11.97) in individuals with a fibrinogen level in the highest tertile compared with those with a level in the lowest tertile and 8.50 (95% CI, 2.62 to 27.58; To elucidate whether fibrinogen and CRP levels were independently associated with the risk of death or new vascular event, logistic multiple regression analyses were performed, with other risk factors at inclusion also taken into account. In order of strength of significance, a risk of death or new vascular event was significantly associated with increased CRP level (OR, 2.39; 95% CI, 1.28 to 4.49; Pϭ0066) and stroke severity on CNSS (OR, 2.37; 95% CI, 1.01 to 5.58; Pϭ0.0472) ( Table 3 ). An increased fibrinogen level was not an independent risk factor for the primary end point, even after exclusion of CRP from the model.
Discussion
Despite improved treatment of ischemic stroke during the past decade, there remains a substantial risk of death or new vascular events during the first year after the acute episode. The identification of new risk markers could improve (1) risk stratification and selection of individuals who might benefit from intensified therapy and (2) the understanding of pathophysiological mechanisms. Increased concentrations of acutephase proteins, such as fibrinogen and CRP, have been reported in ischemic stroke, 11,12,16 -18,29 but there are not head-to-head comparisons between acute-phase reactants.
Our study included a small number of patients; however, we adopted strict enrollment criteria to have a homogeneous population: all patients were selected to avoid possible confounding factors able to increase CRP and fibrinogen. We found 2 distinctive patterns in our stroke population: a low rate of stroke of unknown cause (7%) and a very high rate of primary end point within 1 year (31%). Although either pattern was largely due to the older age of our population, other reasons should be considered: diligent case ascertainment with complete screening procedures and a compulsive follow-up, higher proportions of atherogenic risk factors, and cardiovascular comorbidity could explain both results.
The findings of this study might not apply to the whole spectrum of stroke patients; however, demographic characteristics, risk factor distribution, and prognosis of our sample are similar to that of a recent Italian population-based stroke registry. 30 The present study revealed a relation between elevated CRP levels and 1-year risk of death or a new vascular event in ischemic stroke. One limitation of the study was that the venous blood samples were obtained at inclusion, within 24 hours after stroke, when a putative acute-phase response and accompanying infection might play a major role. However, inclusion of the delay from stroke onset to time of blood sample had no major influence on the results in regression analysis. Furthermore, the prognostic importance of elevated CRP levels is independent of the influence of fibrinogen on 1-year outcome.
Elevated CRP levels were associated with a probability of death or new vascular event in the present investigation. However, there was no relation between increased fibrinogen levels and the risk of primary end point in our investigation. The possibility that absence of associations with fibrinogen reflects a chance finding must be considered. The failure to replicate existing large study findings might be an indication of less reliable results. However, we found a strong association between CRP and hard end points for a relatively small number of patients, suggesting a persuasive association. Furthermore, increased fibrinogen levels were not an independent risk factor for death or new vascular event after exclusion of CRP levels from the multiple regression model. Thus, fibrinogen levels might be of less importance than has been suggested from previous experiences. 11, 12, 29 Because there are close relations between acute-phase proteins, it might be suggested that CRP, rather than fibrinogen, contributes to the increased risk of new events in ischemic stroke.
The pathophysiological reason for an association between CRP and prognosis is uncertain. However, it is possible that some patients had unrecognized conditions, such as chronic infections and cancer, that elevate inflammation marker levels and also increase the risk of new vascular events or death. Several chronic infections are linked with cardiovascular and cerebrovascular ischemia. The pathogenic link between infection and vessel injury and ischemia is insufficiently understood at present. 31 Elevated CRP levels may affect coagulation through the important role of tissue factor expression. 32 Previous data showed that activation of coagulation factors in stroke patients increased mortality, and fibrinogen has a putative role. 33, 34 It is likely, however, that the explanation is more complicated. In this study we found a strong association between fibrinogen and CRP without any association between fibrinogen and outcome, suggesting that the effects of higher CRP levels are independent from fibrinogen. The mechanisms that can lead to initiation of such inflammatory reaction may be multiple and to date are largely unexplained. 35 CRP may reflect inflammation related to the pathobiology of ischemic stroke. 15, 18, 36 However, many patients (25%) in our series had normal levels of CRP after stroke, implying that ischemic stroke itself does not induce a full-blown acute-phase response. The high CRP values may reflect the extent of ischemic area. 15, 18 Obviously, necrosis triggers a rise of circulating CRP. Thus, the extent of necrosis in part determines the CRP response. In agreement, CRP correlates with stroke severity in our patients. However, this explanation is not consistent with the observation that CRP response after stroke predicts clinical outcome such as 1-year risk of death or new vascular event, irrespective of stroke severity.
CRP may reflect amount and activity of circulating proinflammatory cytokines. 19, 35 These patients might be predisposed to intense activation of inflammation in response to a variety of stimuli, such as stroke. Stroke patients in whom the inflammation system reacts most intensely may be at greater risk for subsequent events. CRP levels would identify those patients whose inflammation system responds most actively to stimuli. These might be the patients at highest risk for subsequent vascular events or death, in whom more aggressive therapy and clinical surveillance might be appropriate.
Taken together, all explanations for the associations between CRP and stroke agree that CRP levels are indirectly linked to the extent and severity of the atherosclerotic processes. None of these explanations consider that CRP may directly participate in tissue damage and in clinical complications in vascular disease. Recently, we observed that patients with activated complement system, detected by total C3 and C4 serum levels, had a significantly higher occurrence of new vascular events or death. 20 Notably, CRP displays the ability of ligand bound to activate the complement system. 37 Thus, CRP may constitute a cerebrovascular risk factor because it promotes complement activation. Further studies should reveal whether CRP contributes to tissue damage and clinical complications in cerebrovascular disease.
In conclusion, increased CRP levels and, less convincingly, elevated fibrinogen levels are associated with a guarded prognostic significance in ischemic stroke. CRP levels should be measured as a baseline characteristic and used in subgroup analysis in future studies of interventions in ischemic stroke to help refine the choice of therapy.
